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ABSTRACT 
 
Monoethanolamine (MEA) is commonly used in oil and gas industry as 
absorption medium to remove carbon dioxide (CO2) from gaseous stream. Upon usage, 
the MEA solution is contaminated with hydrocarbon and suspended solids. Heavily 
contaminated MEA solution reduces its effectiveness in stripping the CO2 gas and also 
causes foaming phenomenon in the CO2 removal unit which further reduces the overall 
performance of the unit. There are many instances in which during operation, the 
solution overshoot and mix with condensed water in the knock-out drum. At this point, 
all the solution (the contaminated solution and the condensed water) is discharged as 
wastewater and replaced with fresh solution. It is common, in the range of 60 – 80 tons 
of MEA wastewater is generated per month. This study was conducted to examine the 
best method of treating the MEA wastewater for the best interest of the company. 
Characterization of the MEA wastewater suggested that the most rational way of 
treating the wastewater was to achieve quality suited for the purpose of recycling it back 
into the system. Adsorption method was used for the treatment with four different types 
of adsorbent, namely chitosan, activated carbon, alum and zeolite, were investigated. 
Five different variables, namely adsorbent dosage, pH, temperature, mixing time and 
mixing speed were varied to examine the effect on the parameters such as percentage of 
residue oil, suspended solids, MEA concentration and COD level. The results showed 
that chitosan was the best adsorbent in treating the MEA wastewater, followed by 
activated carbon, alum and zeolite. Adsorbent dosage was the main variable affecting 
the performance of the adsorbent in removing the residue oil, suspended solids and 
reducing the COD level. Chitosan indicated two mechanisms of adsorption in treating 
the MEA wastewater, in which at low adsorbent dosage chitosan functioned through 
chemical adsorption, while at high dosage, electrostatic adsorption started to 
accompany. In all adsorbents investigated in this study, MEA concentration was not 
affected by the adsorption treatment.  
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ABSTRAK 
 
Monoethanolamine (MEA) digunakan secara meluas di dalam industri minyak dan gas 
sebagai medium penyerap gas karbon dioksida dari aliran gas. Setelah digunakan, MEA 
ini tercemar dengan hidrokarbon dan pepejal terampai. Larutan MEA yang tercemar 
teruk menjejas keberkesanannya untuk menyerap gas CO2 dan mengakibatkan fenomena 
pembuihan di dalam turus penyerapan dan seterusnya mengurangkan prestasi 
keseluruhan turus penyerap CO2. Di dalam banyak keadaan semasa operasi, larutan 
penyerap ini terlepas dari turus penyerap dan memasuki gelendung penampan dan 
bercampur dengan cecair pemeluwapan. Pada ketika itu, semua larutan tercemar ini di 
keluarkan dari sistem sebagai sisa buangan. Adalah kebiasaan antara 60 ke 80 tan sisa 
buangan MEA terhasil dalam sebulan. Kajian ini dijalankan untuk mengkaji kaedah 
yang terbaik untuk merawat sisa buangan MEA ini demi kebaikan industri yang terlibat. 
Pencirian sisa buangan ini menunjukkan bahawa kaedah yang terbaik untuk merawat 
sisa buangan ini adalah bagi mencapai kualiti yang menepati spesifikasi untuk dikitar 
semula ke dalam sistem penyerapan tersebut. Kaedah penjerapan digunakan untuk 
merawat dengan empat jenis penjerap iaitu chitosan, karbon aktif, alum dan zeolite telah 
dikaji. Lima pembolehubah yang berbeza iaitu dos penjerap , pH, suhu, masa 
percampuran dan kepantasan percampuran divariasikan untuk menguji kesan 
pengurangan kepada parameter seperti peratusan sisa minyak, pepejal terampai, 
kepekatan MEA dan tahap COD. Keputusan kajian menunjukkan bahawa chitosan 
memberikan keputusan yang terbaik dalam merawat sisa buangan MEA, diikuti oleh 
karbon aktif, alum dan zeolite. Jumlah dos penjerap yang digunakan semasa rawatan 
merupakan faktor utama  yang mempengaruhi prestasi untuk menurunkan sisa minyak, 
pepejal terampai serta mengurangkan COD. Chitosan menunjukkan dua mekanisma 
penjerapan dalam merawat sisa MEA, di mana pada dos rendah, chitosan berfungsi 
melalui jerapan kimia manakala pada dos yang tinggi, tambahan jerapan secara 
elektrostatik akan berlaku. Di dalam kesemua jenis penjerap yang dikaji, kepekatan 
MEA tidak terjejas oleh proses penjerapan yang berlaku. 
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CHAPTER 1 
 
 
INTRODUCTION 
 
 
1.1 RESEARCH BACKGROUND 
 
In petrochemical industry, especially in natural gas processing plant, raw natural 
gas which contains carbon dioxide needs to be treated to remove the CO2 prior to 
further processing activities. This CO2 pose as interference in the processing activities 
and would thwart the product quality. Additionally, the CO2 recovered from the process 
is often stored for other applications. For instance it can be used for enhanced oil 
recovery application or in the chemical and food industries. In other industries, CO2 also 
has been removed from the flue gases before releasing the flue gases to atmosphere 
through stack. This is done to minimize the greenhouse effects and circuitously generate 
revenue to the company by selling the recovered CO2. Technologies to separate CO2 
from flue gases are based on absorption, adsorption, membranes or other physical and 
biological separation methods. The most commercially used technology is amine based 
CO2 absorption systems. The reasons being used widely are the system can be used for 
dilute systems and low CO2 concentration, easy to use and can be retrofitted to any 
plants. Absorption processes are based on thermally regenerable solvents, which have a 
strong affinity for CO2. The solvent is regenerated at elevated temperature, thus requires 
thermal energy for the regeneration (Paul et al., 2007). Currently, aqueous 
monoethanolamine (MEA) is widely used for removing carbon dioxide and hydrogen 
sulfide from flue gas streams (Harold et al, 1998). It has been used in the Flour Daniel 
technology‟s Econamine FGTM and Econamine FG PlusTM (Mariz, 1998) and the ABB 
Lummus Global technology (Barchas, 1992).  
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The conventional MEA flow sheet is shown in Figure 1.1 The flue gas 
containing CO2 enters the absorber and contacts an aqueous solution of MEA 
ﬂowing counter currently to the ﬂue gas stream. CO2, a weak base, reacts 
exothermically with MEA, a weak acid, to form a water soluble salt. The „rich‟ 
MEA stream exits the absorber at the bottom of the column. It is then preheated in a 
heat exchanger by the lean MEA stream leaving the stripper and enters the stripper 
where, with the further addition of heat, the reaction is reversed. The chemical 
solvent is regenerated in the stripper at elevated temperatures (100-140
o
C) and a 
pressure not much higher than atmospheric. Heat is supplied to the reboiler using 
low-pressure steam to maintain regeneration conditions. This leads to a thermal 
energy penalty because the solvent has to be heated to provide the required 
desorption heat for the removal of the chemically bound CO2 and for the production 
of steam, which acts as stripping gas. Steam is recovered in the condenser and fed 
back to the stripper, after which the produced CO2 gas leaves the condenser. The 
„lean‟ MEA is then recycled back to the absorber (Alie et al., 2005).  
 
 
 
 
 
 
 
 
 
Figure 1.1: Basic MEA CO2 capture process flow sheet  
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1.2 PROBLEM STATEMENT 
 
MEA is an organic chemical compound which has both primary amine (due to 
an amino group in its molecule) and a primary alcohol (due to a hydroxyl group). Like 
other amines, MEA acts as a weak base, toxic, flammable, corrosive, colorless and 
viscous liquid with an odor similar to ammonia. MEA is produced by reacting ethylene 
oxide with ammonia (Harold et al, 1998). By heating the aqueous solution, the 
covalent bonding between MEA and CO2 will break and releases CO2 as gaseous 
state. As the MEA left in aqueous solution, any treatment methods imply would be 
ease due to ions mobilisation in the solution.  
 
Focusing on the CO2 absorption process, the heavy hydrocarbon component 
could be carried over to the absorber with the feed gas which caused sudden 
foaming in the absorber. The reaction between CO2 and MEA will produce some 
salt and increased the amount of suspended solids in absorber also contributed to 
the foaming problem. This foaming phenomenon give a number of different 
problems such as decreased absorption efficiency, increased amine losses, reduced 
quality of product gas and MEA somehow is not appropriate to feed back into the 
stripper due to properties deterioration and thus give difficulties in optimizing the 
absorption processes and it has been removed as wastewater. 
 
Once the MEA wastewater entering the wastewater treatment plant (WTP), 
it will upset the WTP by increasing the loading and significantly increase the 
chemical oxygen demand (COD), oil contents and suspended solids which 
complicates the effective treatment of such wastewater. In many occasions, the 
concentration of amine in the wastewater triggers the COD to exceed the 200,000 ppm 
level and not possible to be sent to the wastewater treatment plant. The MEA 
wastewater then has to be stored for disposal and conversely, it costs a lot of money 
for waste disposal handling, to buy fresh MEA and thus, minimizes the profit 
margin. From the industrial survey, every petrochemical plant in Malaysia were 
produce 60-80 tonnes per upset cases and currently, this MEA wastewater were 
disposed to Kualiti Alam. Furthermore, this MEA wastewater were classified as 
scheduled waste, so the cost to dispose this wastewater was very expensive 
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approximately RM 3000.00 per tonne. Besides that, the petrochemical plants need 
to buy new fresh MEA to replace the MEA wastewater at the CO2 absorber system 
which is very costly approximately RM 2760.00 per drum. So, this MEA 
wastewater was contributed to increase disposal cost and influenced to the financial 
of the petrochemical companies. 
 
Several researches have been conducted and suggested a few methods to 
treat MEA wastewater. The researches were not limited to aliphatic amine but up to 
aromatic amine used as targeted sample. Generally, the treatment methods to 
separate amine from wastewater are based on physical, chemical and biological 
separation methods. Wang et al. (2007) has illustrated that biological treatment of 
isolating strain bacteria by using activated sludge of a complex bio-denitrification 
system (CBDS) for treating petrochemical wastewater in Northeastern China 
capable of degrading pentyl amine up to 82%. For maximum degradation 
efficiency, the strain required a neutral pH, full aeration of 6 mg O2/L and 
temperature of 30
o
C. Under such conditions, two stage treatment systems is 
required to reach 99% degradation of pollutant representing the required standards 
for surface water discharge. On the other hand, when the oil refinery activated 
sludge was inoculated with the strain bacteria, 93% of pentyl amine was degraded. 
Nevertheless, several disadvantages were identified for instance, it takes longer 
time (24 hours) and inadequate to degrade high concentration of pentyl amine in 
petrochemical wastewater. In addition, further research needs to be carried out to 
clarify and demonstrate the limitation and findings.  
 
In chemical treatment method, several researchers have suggested the 
conversion of amine into their corresponding acetates in excellent yields. Das and 
Thirupathi (2007) have illustrated the treatment of amine (aliphatic and aromatic) 
with acetic anhydride at room temperature using NaHSO4.SiO2 as heterogeneous 
catalyst affords the corresponding acetates in excellent yields. Meanwhile, Joseph et 
al. (2007) has proposed the conversion of amine into acetates using acetic anhydride 
and Alumina supported MoO3 as heterogeneous catalyst and found that about 90% 
yield was attained. They also found that the catalyst indicating the recyclability and 
reusability without loss of reaction activity. Both researchers have not mentioned the 
5 
 
 
used of MEA wastewater as studied subject and intentionally focusing on virgin 
amine solvent for the preparation of bioactive natural products. In the physical 
treatment method, several researchers have suggested the usage of adsorbents for the 
removal and recovery of the amines. Boger et al. (1997) has demonstrated that the 
removal and recovery of amines emmited from foundry can be performed by an 
adsorptive process. Activated carbon and hydrophobic zeolite can be used as 
adsorbents. However, in both cases a loss in capacity due to chemisorption is found. 
Moreover, the studies has shown that the adsorbent can be regenerated by adding 
small amounts of a purge gas and at condition of 100 mbar vacuum conditions.  
 
The potential of using chitosan as alternative adsorbent for the treatment of 
MEA wastewater is becoming a research interest field in the near future. It has been 
proven that this adsorbent has the capability to adsorb metal ions, oil and grease and 
improve wastewater quality (Ahmad et al, 2006). Chitosan also has potential as an 
adsorbent for removal of reactive dyes from textile wastewater because it can adsorb 
reactive dyes over wide pH range and at high temperatures. The effect of initial pH, 
elution studies, and the thermodynamic parameters demonstrated that the reactive dye 
was probably adsorbed onto chitosan by both physical and chemical adsorption. In 
addition, the adsorption mechanism under acidic conditions was chemical adsorption, 
while under caustic conditions was both physical and chemical adsorption. However, 
the ATR-FTIR spectra confirmed that the amines on chitosan polymer tend to be 
effective functional groups for dye adsorption under acidic conditions, while the 
hydroxyl group tended to be the effective functional group for dye adsorption under 
caustic conditions (Niramol et al, 2005). The literature on the interaction of chitosan 
with those contaminations has been discussed elsewhere (Guibal, 2004; Evans et al, 
2002). Due to chemisoption and structure properties of chitosan, the adsorbent is 
believed capable to treat MEA wastewater tremendously.  
 
From the literatures point of view, researches on treatment of MEA 
wastewater from petrochemical plant are insufficiently conducted especially for 
recycle purpose. In view of the fact that, no work has been done in the literature 
regarding the treatment of MEA wastewater using chitosan, activated carbon, alum and 
zeolite. Furthermore, not many studies were been done using real effluent, whereby 
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these studies were done using homemade synthetic effluent. Besides that, this research 
was also evaluating the potential of recycling the treated MEA wastewater and reuse in 
the CO2 removal unit. The physical treatment methods would be the interesting 
research field due to simple, easy, shorter time, economically viable to be 
commercialized and widely used in wastewater treatment plant. 
 
Based on industrial survey, four types of adsorbents commonly used in 
wastewater treatment industries which are chitosan, activated carbon, alum and zeolite 
based adsorption method were selected, employed and explored in order to examine its 
feasibility in reducing the COD, suspended solid, oil concentration in the MEA 
wastewater and at the same time maintaining the level of amine concentration at 
acceptable limit. These parameters evaluation were very crucial in determining the 
treated MEA could be recycled or else. In view of the fact that the MEA wastewater is 
produced abundantly from petrochemical plants and other processing plants for 
instance power plant, and the lack of researches have been carried out to date, the 
research needs is significantly important in order to find alternative route methods 
for treating MEA wastewater which is inexpensive, simple, economically viable and 
environmental friendly. Due to this, chitosan is believed to be the best natural 
adsorbent to reduce COD, suspended solid and remove oil from MEA wastewater rather 
than other adsorbents. 
 
1.3 OBJECTIVES 
 
The objectives of this research are: 
 
1. To suggest the best adsorbent and process condition in treating MEA 
wastewater from the petrochemical processing plants via adsorption 
method. 
 
2. To study the potential of recycling the treated MEA wastewater and to 
reuse the treated MEA wastewater based on typical standard MEA usage 
in the CO2 removal unit. 
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1.4 SCOPE OF THE STUDY 
 
In achieving the objectives stated above, several scopes of work have been 
identified: 
 
1. To characterise the Monoethanolamine (MEA) wastewater produced 
from petrochemical plant. 
 
2. To compare the effectiveness of the treatment using the different type of 
absorbents (Chitosan, Activated Carbon, Zeolite, Alum) in reducing 
COD, suspended solid, oil content from MEA wastewater, and 
maintaining amine concentration level.  
 
3. To examine the mechanism of adsorption for each technique in reducing 
the measured parameters.  
 
4. To study the influence of dosage, pH, temperature, mixing time, mixing 
speed, performance of Chitosan flake and powder for treatment process 
of MEA wastewater. 
 
1.5 THESIS OUTLINE 
 
The organisation of the thesis reflects the sequence of the objectives as 
discussed previously and entails five chapters. Chapter 1 serves as general introduction 
and is intended to provide the background, the objectives and the scopes.  
 
Chapter 2 presents the literature reviews. Chapter 3 contains materials and 
methods of the research. All materials, experimental procedures and analytical methods 
used throughout this study in this chapter. 
 
In order to achieve the objectives and scopes of this study, Chapter 4 elaborates 
them. Finally, Chapter 5 presents the conclusion of the study. Future work and 
recommendation on this study was also being suggested. 
8 
 
 
1.6 SIGNIFICANCE OF RESEARCH  
 
The main aim of this study was to study a feasible method, investigate the 
potential and effectiveness of chitosan, activated carbon, alum and zeolite in removing 
oil, suspended solid and reducing COD from MEA wastewater. The research was also 
evaluating the potential of recycling the treated MEA wastewater and reuse in the CO2 
removal unit. This study concentrated on raw samples of MEA wastewater from oil and 
gas industry. 
 
1.7 CHAPTER SUMMARY 
 
In this chapter, detailed explanations of the early step in the process of designing 
the research have been presented. This explanation will be helpful in supporting this 
research work. Thus the objectives of the research will be in proper guidelines to be 
achieved. The literature review will be explored in the next chapter.  
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CHAPTER 2 
 
 
LITERATURE REVIEW 
 
 
Literature reviews provide a handy guide and a solid background to a particular topic. 
This chapter explores the subtopic of introduction of wastewater treatment, 
monoethanolamine (MEA) wastewater, adsorption theory, mechanism and types of 
adsorbents. This discussion concerns the works of the previous researches that related to 
this research. 
 
 
2.1 INTRODUCTION OF WASTEWATER TREATMENT 
 
Wastewater is any water that has been adversely affected in quality by any 
anthropogenic influence. It therefore includes liquid waste discharged from domestic 
houses, industrial, agricultural or commercial processes. It does not include rain-water 
uncontaminated by human activities. 
 
In water and wastewater treatment processes, substances which cause troubles in 
the systems utilizing water and pollute the environment are removed from water. 
Removed suspended solids through water and wastewater treatment processes are 
discharged as sludge with high water content. Sludge treatment is carried out to prevent 
the sludge from causing the environmental pollution and the other problems again. As 
water includes many kinds of dissolved solids and suspended solids, suitable water 
treatment methods have to be selected according to the water quality to be treated 
(Kurita, 1999).  
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Wastewater treatment methods are generally classified into three categories which are: 
 
i. mechanical treatment 
ii. chemical treatment 
iii. biological treatment 
 
2.1.1 Mechanical Treatments 
 
Mechanical wastewater and sludge treatment methods are classified as shown in Figure 
2.1. 
 
 
Figure 2.1: Classification of mechanical wastewater and sludge treatment methods 
(Kurita, 1999) 
 
2.1.1.1 Screening 
 
Screening is the first step of water and wastewater treatment to remove large 
matter by using screening bars or net to protect downstream structures, such as pumps, 
pipings and filters. Generally, the screening effectively removes the matter of large size 
and low specific gravity such as pieces of wood, plastics and papers. 
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2.1.1.2 Settling 
 
Suspended solids having larger densities than that of water are settled to separate 
from water. Factors which determine the settling velocity of suspended solids are 
mainly the diameter and density of particles, and the viscosity of solution. The 
suspended solids of small size and colloids which are hardly settled under natural 
conditions are settled after forming their flocs through coagulation and flocculation 
treatment by using coagulants and flocculants. 
 
2.1.1.3 Flotation 
 
Substances having the almost same or lower densities than that of water, such as 
oils and fats, are separated from water by flotation. The flotating velocity of particles is 
also expressed in the Stokes‟ equation. Therefore, particles which have the large size 
and small density are easily floated under natural conditions. Mechanical flotation and 
dissolved air flotation are applied to increase the flotating velocity of particles. In those 
processes, fine airbubbles are generated in water. Then the adhesion of bubbles with 
particles and the upward-flow of bubbles improve the flotation efficiency. Generally, 
the pressurizing of water and its releasing are applied to generate microbubbles 
efficiently. 
 
2.1.1.4 Filtration 
 
Slow filtration applies to purify surface waters without prior coagulation or 
settling. The filtration rate is generally lower than 1 m
3
/m
2
·day. Rapid filtration uses to 
treat drinking water, industrial water and wastewater. Generally, it applies after 
coagulation or flotation process. It is also used for the filtration of in-line coagulated 
water. The filtration rate is in the range of 4 to 50 m
3
/m
2
·day. For sludge filtration, 
many kinds of vacuum filters and pressure filters are applied. 
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2.1.1.5 Centrifugation 
 
Centrifugation is a separation method which utilizes centrifugal force to 
accelerate the settling of particles in a liquid-solid mixture. This method usually uses for 
dewatering of sludges or for treating wastewater including high concentration of 
suspended solids (Kurita, 1999). 
 
2.1.2 Chemical Treatment 
 
Chemical treatment is generally applied to carry out mechanical treatment, such 
as settling, flotation and filtration, more efficiently. It is also used for treating waters 
which are difficult to treat sufficiently by mechanical treatment only. Figure 2.2 shows 
the classification of chemical treatment methods and the kinds of typical chemicals to 
be applied (Kurita, 1999). 
 
 
 
Figure 2.2: Classification of chemical water and wastewater treatment methods (Kurita, 
1999) 
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2.1.2.1 pH control 
 
The solubilities of some substances in water are remarkably changed by the pH 
change. For example, the solubility of ferric ion or aluminum ion is sufficiently reduced 
to form the hydroxide precipitate in a specified pH range. This method often applies to 
separate metallic ions from water and wastewater. The pH control of water is also an 
important measure to carry out coagulation, flocculation, oxidation, reduction 
treatments and so on efficiently. 
 
2.1.2.2 Coagulation and flocculation 
 
Coagulation and flocculation treatment is a method to aggregate fine particles 
and colloids dispersed stably in water and to make their large flocs which are easily 
separated from water through settling, flotating processes and so on. Ferric salts and 
aluminum salts are usually used as coagulants. High molecular weight synthetic 
polymers are used as flocculants. Coagulants neutralize the surface electrical charges of 
particles and break their stable dispersion in water. Flocculants combine with 
neutralized particles and form large flocs. Thickeners, flotators, filters, etc. are used for 
separating those flocs from water. 
 
2.1.2.3 Oxidation and reduction 
 
Oxidation treatment is applied to decompose cyanides, nitrites and various 
organic substances to harmless substances. It is also used for oxidizing ferrous ion in 
underground water to ferric ion which is easily precipitated as the ferric hydroxide. The 
pH and temperature of water should be adjusted within the suitable ranges for 
proceeding the oxidation and reduction processes efficiently. 
 
2.1.2.4 Adsorption 
 
Activated carbon adsorbs various organic substances in water. Recently, special 
adsorbents which selectively adsorb specified heavy metal ions, etc., are also used for 
water and wastewater treatment. Usually, adsorbants are filled in fixed-bed or fluidized-
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bed, and water to be treated passes through the bed. In a batch treatment, adsorbants are 
added into water and are separated by settling or filtration after the completion of 
adsorption. The adsorbants after used are regenerated or disposed after making them 
harmless by solidification, etc. 
 
2.1.2.5 Ion exchange 
 
In ion exchange process, ions in solution are exchanged with those of ion 
exchanger such as ion exchange resin. The ion exchanger approaching the full capacity 
is regenerated and reused. In water treatment, ion exchangers are largely utilized for 
removing hardness from water (softening) and producing demineralised water. In 
wastewater treatment, they are applied for removing toxic substances, such as heavy 
metals, and recovering valuable materials from wastewater. 
 
2.1.3 Biological Treatment 
 
Biological treatment is a means of decomposing organic substances in 
wastewater by utilizing the functions of microorganisms. Biological treatment is largely 
divided into aerobic and anaerobic treatments as shown in Figure 2.3. 
 
 
 
Figure 2.3: Classification of biological wastewater treatment methods (Kurita, 1999) 
